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(57) ABSTRACT 

The invention relates generally to improved Silicon carbide 
deposition during dual damascene processing. In one aspect 
of the invention, copper oxide present on a Substrate is 
reduced at least partially to copper prior to deposition of a 
Silicon carbide or Silicon oxycarbide layer thereon. In the 
preferred embodiment the reduction is accomplished by 
contacting the Substrate with one or more organic reducing 
agents. The reduction process may be carried out in situ, in 
the same reaction chamber as Subsequent processing StepS. 
Alternatively, it may be carried out in a module of a cluster 
tool. 
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INSITU REDUCTION OF COPPER OXDE PRIOR 
TO SILICON CARBIDE DEPOSITION 

REFERENCE TO RELATED APPLICATION 

0001. The present application is related to Finnish Patent 
Application No. 20001163, filed May 15, 2000, abandoned, 
and PCT Application No. FIO1/00473, filed May 15, 2001. 

FIELD OF THE INVENTION 

0002 The invention relates generally to improved SiC 
deposition over copper during dual damascene processing. 

BACKGROUND OF THE INVENTION 

0003) When fabricating integrated circuits, layers of insu 
lating, conducting and Semiconducting materials are depos 
ited and patterned to produce desired Structures. “Back end’ 
or metallization processes include contact formation and 
metal line or wire formation. Contact formation vertically 
connects conductive layers through an insulating layer. 
Conventionally, contact Vias or openings are formed in the 
insulating layer, which typically comprises a form of oxide 
such as borophosphosilicate glass (BPSG) or oxides formed 
from tetraethylorthosilicate (TEOS) precursors. The vias are 
then filled with conductive material, thereby interconnecting 
electrical devices and wiring above and below the insulating 
layers. The layers interconnected by Vertical contacts typi 
cally include horizontal metal lines running acroSS the 
integrated circuit. Such lines are conventionally formed by 
depositing a metal layer over the insulating layer, masking 
the metal layer in a desired wiring pattern, and etching away 
metal between the desired wires or conductive lines. 

0004 Damascene processing involves forming trenches 
in the pattern of the desired lines, filling the trenches with a 
metal or other conductive material, and then etching the 
metal back to the insulating layer. Wires are thus left within 
the trenches, isolated from one another in the desired pat 
tern. The etch back process thus avoids more difficult 
photolithographic mask and etching processes of conven 
tional metal line definition, particularly for copper metalli 
Zation. 

0005. In an extension of damascene processing, a process 
known as dual damascene involves forming two insulating 
layers, typically Separated by an etch Stop material, and 
forming trenches in the upper insulating layer, as described 
above for damascene processing. Contact Vias are etched 
through the floor of the trenches and the lower insulating 
layer to expose lower conductive elements where contacts 
are desired. AS one of skill in the art will recognize, a 
number of processes are available for forming dual dama 
Scene Structures. For example, trenches may be etched 
through the upper insulating layer, after which a further 
mask is employed to etch the contact Vias or the etch 
continues through a previously defined, buried hard mask. In 
an alternative embodiment, contact Vias are first etched 
through the upper and lower insulating layers, after which 
the via in the upper insulating layer is widened to form a 
trench. 

0006 Protective barriers are often formed between via or 
trench walls and metals in a Substrate assembly, to aid in 
confining deposited material within the via or trench walls. 
0007. These lined vias or trenches are then filled with 
metal by any of a variety of processes, including chemical 
vapor deposition (CVD), physical vapor deposition (PVD), 
and electroplating. 
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0008 FIG. 1 illustrates a self-aligned dual damascene 
process in which an upper insulating layer 10 is formed over 
a lower insulating layer 12, which is in turn formed over a 
conductive wiring layer 14, preferably with an intervening 
barrier layer 15. This barrier layer 15 serves to reduce or 
prevent diffusion of copper or other conductive material 
from the underlying runner 14 into the Overlying dielectric 
layer 12 and also serves as an etch Stop during via formation. 
0009. A mask is employed to pattern and etch trenches 16 
and contact Vias 20 in a desired wiring pattern. In the 
illustrated embodiment, the trench 16 is etched down to the 
level of an etch stop layer 19, which is formed between the 
two insulating layerS 10, 12. In the Self-aligned dual dama 
Scene process this etch Stop layer 19 is typically patterned 
and etched prior to deposition of the upper insulating layer 
10 to form a buried hard mask that defines horizontal 
dimensions of desired contact Vias that are to extend from 
the bottom of the trench 16. Continued etching through the 
hard mask 19 opens a contact via 20 from the bottom of the 
trench 16 to the lower conductive wiring layer 14. FIG. 1 
also shows an upper etch Stop or chemical mechanical 
polishing (CMP) stop layer 21 over the upper insulating 
layer 10 to Stop a later planarization Step, as will be 
appreciated by the Skilled artisan. 
0010. As described briefly above, the etch stop layers in 
damascene processing typically act as a stop layer during 
dry-etch or CMP process Steps. These Stop layers are typi 
cally deposited by plasma enhanced CVD (PECVD). While 
etch Stop layerS have traditionally been Silicon nitride, 
particularly SiN., more recently silicon carbide (SiC) and 
silicon oxycarbide (SiOC) have been employed. Some 
hydrogen may also be incorporated into the etch Stop layer 
during deposition. In acting as a Stop layer, the etch Stop 
prevents wear of the underlying insulation material and/or 
copper layers by an etch or CMP process. Further, an etch 
Stop layer may serve as a diffusion barrier, preventing copper 
diffusion from copper lines into the insulation layers. 
0011. The inventors have found that current deposition of 
SiC etch Stop layers on copper can result in pinholes, higher 
leakage currents and/or adhesion problems. This can lead to 
enhanced diffusion of copper into the insulating layer and 
may result in lower resistance during dry-etch and CMP 
processes. This, in turn, may lead to loSS of etch-Selectivity 
and reduced adhesion of the deposited layers. 
0012. Accordingly, a need exists for more effective meth 
ods of depositing etch Stop layers, particularly in the context 
of dual damascene metallization. 

SUMMARY OF THE INVENTION 

0013 In one aspect of the present invention, a process is 
provided for producing an integrated circuit comprising 
reducing copper oxide on a Substrate by exposure to one or 
more organic reducing agents prior to deposition of a Silicon 
carbide or Silicon oxycarbide layer. In one embodiment the 
copper oxide layer is left after a chemical mechanical 
polishing (CMP) step. In another embodiment exposure to a 
clean room atmosphere forms the copper oxide layer. 
0014) The organic reducing agents preferably comprise at 
least one functional group Selected from the group consist 
ing of alcohol (-OH), aldehyde (-CHO), and carboxylic 
acid (-COOH). Larger reducing agents are particularly 
preferred to avoid diffusion through the underlying copper. 
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0.015 Copper oxide reduction is preferably carried out in 
a reaction chamber. In one embodiment reduction of the 
copper oxide layer and deposition of the Silicon carbide or 
Silicon oxycarbide layer take place in the same reaction 
chamber. In another embodiment Silicon carbide or Silicon 
oxycarbide deposition takes place in a reaction chamber that 
is clustered to the reaction chamber in which copper oxide 
reduction takes place. 
0016. The temperature in the reaction chamber in which 
the copper oxide layer is reduced is preferably less than 
about 450° C., more preferably between about 200° C. and 
about 430 C., and even more preferably about 400 C. 
Desirably, the reduction and in situ SiC or SiOC deposition 
are conducted at the same temperature. 
0.017. According to another aspect, the present invention 
provides a process for producing an integrated circuit com 
prising depositing a copper layer on a Substrate, contacting 
the Substrate with one or more organic reducing agents and 
depositing an etch Stop layer on the Substrate. In one 
embodiment the etch Stop layer comprises Silicon carbide. In 
another embodiment the etch Stop layer comprises Silicon 
nitride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. These and other aspects of the invention will be 
readily apparent to the Skilled artisan in View of the descrip 
tion below, the appended claims, and from the drawings, 
which are intended to illustrate and not to limit the inven 
tion, and wherein: 
0.019 FIG. 1 is a schematic cross-section of a dual 
damascene Structure having a conventional barrier layer 
lining the trench and contact via thereof; 
0020 FIG.2-9 are schematic cross-sections of a partially 
fabricated integrated circuit, generally illustrating the con 
Struction, lining and filling of a trench and via formed in 
insulating layers above a Semiconductor Substrate, in accor 
dance with a preferred dual damascene proceSS flow. 
0021 FIG. 10 is a flow chart describing the preferred 
proceSS for depositing a SiC layer on copper. 

0022 FIG. 11 is a schematic illustration of a cluster tool 
that may be used with the process disclosed herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023 Though described in the context of certain pre 
ferred materials, it will be understood, in view of the present 
disclosure, that the methods and Structures described herein 
will have application to a variety of other materials. Fur 
thermore, while described in the context of damascene 
metallization Schemes, the skilled artisan will appreciate that 
the principles and advantages of the processes described 
herein have application to a variety of process flows, par 
ticularly for depositing Silicon carbide or Silicon oxycarbide 
over copper. 

Definitions 

0024. As used herein, the terms “reduction” and “reduc 
ing” refer to the removal of oxygen atoms from a copper 
layer. “Reduction” does not have to be complete reduction, 
and Some oxygen atoms may remain in a copper layer after 
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it has been reduced. Thus, a copper layer that is “reduced” 
or “at least partially reduced” is a copper layer from which 
Some, but not necessarily all oxygen atoms have been 
removed. 

0025 The term “copper layer” broadly refers to a layer of 
copper, a layer of copper oxide or a layer that comprises both 
copper and copper oxide. 
0026. As used herein, the term “etch stop layer” broadly 
refers to any layer that Serves to prevent wear of an under 
lying layer, Such as by an etch proceSS or a CMP process. 
The etch Stop layer is preferably comprised of Silicon 
carbide or silicon oxycarbide. A “silicon carbide' or “silicon 
oxycarbide' etch Stop layer may also comprise hydrogen. 
For example, the hydrogen may be incorporated as a result 
of the deposition process. Thus, SiC or SiOC as used herein 
are merely short forms, rather than Stoichiometric formulas. 
Several non-limiting examples of etch Stop layers are hard 
mask layers and CMP stop layers. An “etch stop layer” may 
also serve additional functions, Such as acting as a barrier 
layer to prevent the diffusion of copper into overlying 
insulating layers. 

Dual Damascene Process Flow 

0027. A typical process for producing an integrated cir 
cuit (IC) comprises a number of steps, illustrated in FIGS. 
2 through 9. Although illustrated in connection with a 
particular process flow and Structure for Self-aligned dual 
damascene metallization, the skilled artisan will appreciate 
that there are other dual damascene metallization processes 
and further variations of such schemes for which the meth 
ods disclosed herein will have utility. As shown in FIG. 2, 
a first etch stop layer 51 is deposited on a substrate 52. The 
Substrate typically comprises at least one copper metal layer, 
Such as a conductive element forming part of a lower 
interconnect layer. The first etch stop layer 51 is capable of 
Stopping a treatment for removing an insulating layer from 
going further into the Structure. A first insulating or dielectric 
layer 50 is deposited on the first etch stop layer 51. Advan 
tageously, the first etch Stop layer 51 also Serves as a barrier 
layer, preventing diffusion of copper into the overlying layer 
50. 

0028. As will be appreciated by the skilled artisan, met 
allization Schemes typically employ one metal composition 
throughout various wiring layers (e.g., copper interconnects 
or aluminum interconnects). The preferred embodiments are 
particularly adapted to damascene Structures wherein the Via 
floor or lower conductive element comprises a highly con 
ductive copper line. The first insulating layer 50 is prefer 
ably formed to a thickness sufficient to insulate the lower 
conductive element 52 from upper wiring Structures to be 
formed. 

0029. A second etch stop layer 54 is formed over the 
lower insulating layer 50. A Second or upper insulating layer 
56 is then formed over the second etch stop layer 54. A third 
etch stop layer 58 is preferably formed over the upper 
insulating layer and can be patterned to Serve as a hard mask 
for etching the trenches. The third etch stop layer 58 
preferably also serves as a CMP stop layer (also known as 
a shield layer) in the illustrated process, and may eventually 
Serve as an antireflective layer for lithography. 
0030 The skilled artisan will readily appreciate that the 
insulating layers can comprise any of a number of Suitable 
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dielectric materials. For example, dielectric materials have 
recently been developed that exhibit low permittivity (low 
k), as compared to conventional oxides. These low k dielec 
tric materials include polymeric materials, porous materials 
and fluorine-doped oxides. 
0031. The etch stop layers of the illustrated embodiment 
each comprise a material exhibiting different etch rates 
relative to the insulating layers, allowing better control of 
the etching processes. In the illustrated embodiment, the 
etch stop layers comprise Silicon carbide (SiC), preferably 
provided to a thickness of between about 30 A and 500 A, 
and more preferably between about 50 A and 200 A. 
0032. After the lower insulating layer 50 and etch stop 54 
are formed, a mask and etch process transferS a pattern of 
openings 55 to the etch stop 54. The second or upper 
insulating layer 56 and CMP stop 58 are then formed over 
the hard mask. 

0033. The substrate is masked and trenches 60 are etched 
through the upper insulating layer, preferably stopping on 
exposed portions of the first etch Stop layer. AS will be 
understood by the skilled artisan, the trenches are etched 
acroSS the insulating layer in patterns desired for metal lines, 
in accordance with an integrated circuit design. 
0034 Continued etching through the hard mask defines 
contact vias 62 extending downwardly from the bottom of 
the trench 60 and through the lower insulating layer to 
expose conductive elements below. The contact Vias 62 are 
defined by the openings in the hard mask at discrete loca 
tions along the trenches. 
0035. The contact vias and trenches may be lined, such as 
with a diffusion barrier layer 150 and a seed layer 155. The 
contact Vias and trenches are then filled with a conductive 
material, typically copper 160. 
0.036 The structures are then planarized by chemical 
mechanical planarization (CMP) or other etch back process 
to leave isolated lines 170 within the trenches, having 
integral contacts extending downwardly therefrom 180. A 
layer of copper oxide is typically present on the polished 
copper surface following CMP. Oxidation of the copper 
Surface may also occur during exposure to the clean room 
atmosphere, Such as during Storage or transport of the 
Substrate. 

0037. The above steps are repeated until a structure 
having the desired properties is formed. Typically in an IC 
Structure, the StepS are repeated anywhere from 1 to 8 times 
to produce interconnecting circuits. 

Copper Oxide Reduction 

0.038. As described above, an etch stop layer is preferably 
deposited on a Substrate that comprises at least one copper 
metal layer, Such as a conductive element forming part of a 
lower interconnect layer in an integrated circuit. To Some 
extent, this copper metal layer may have been oxidized to a 
copper oxide (CuO) layer. The oxidation may result from 
any event, Such as through exposure to a clean room 
atmosphere while wafers are transported or Stored following 
copper deposition. In other examples, a copper oxide layer 
may be present following a CMP process or may have been 
intentionally deposited. The presence of copper oxide may 
interfere with Subsequent proceSS Steps. For example, the 
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presence of copper oxide has been found to interfere with the 
adhesion of a SiC etch Stop layer that is Subsequently 
deposited over the copper layer. At least partial reduction of 
the copper oxide to copper improves the quality of the 
overlying etch Stop layer, particularly preventing pinholes in 
SiC and SiOC. 

0039. In addition, because the amount of copper oxide 
increases with aging of the copper layer, the quality of the 
overlying etch Stop layer may be inconsistent from Substrate 
to Substrate. Reduction of the copper oxide layer to copper 
prior to etch Stop deposition thus allows for consistent, high 
quality etch Stop layers. 

0040. In one aspect of the present invention, a CuO layer 
is reduced at least partially to Cu prior to deposition of an 
etch Stop layer thereon. At least partial reduction of the CuO 
to Cu may enhance the nucleation of Silicon carbide or 
Silicon oxycarbide etch Stop layerS on copper layers and thus 
prevent the formation of pinholes during deposition. 

0041. In the preferred embodiment the CuO layer is 
reduced by exposure to an organic reducing agent that is 
capable of removing oxygen from the metal oxide, leaving 
elemental copper on the Substrate. Preferably the CuO layer 
is reduced by exposure to an organic reducing agent in vapor 
form. 

0042 A preferred embodiment is depicted in FIG. 10. A 
copper layer is deposited on a Substrate in a reaction 
chamber 100. The copper layer is then subject to a CMP 
process 110, producing a polished copper layer. Following 
the CMP process the polished copper layer is at least 
partially oxidized. The Substrate containing the copper layer 
to be reduced is then placed in a reaction Space, Such as a 
plasma-enhanced chemical vapor deposition (PECVD) reac 
tion chamber, and the reaction Space is evacuated to vacuum. 
The organic reducing agent is preferably vaporized and fed 
to the reaction Space, optionally with the aid of an inert 
carrier gas, Such as nitrogen. In one embodiment a vapor 
mixture is used, comprising two or more reducing agents. 
0043. The reducing agent vapor is contacted with the 
Substrate, preferably at low pressure, whereby the copper 
oxide layer is reduced at least partly to copper metal and the 
reducing agent is oxidized 120. Typically the reaction Space 
is then purged with an inert carrier gas to remove the 
unreacted organic reducing agent and the reaction products 
and/or by-products. 

0044) The reactions between copper oxide and the 
organic reducing agent may be carried out in a wide tem 
perature range, even as low as room temperature. Preferably, 
reduction with an organic reducing agent is carried out at 
low temperatures. Kinetic factors and the diffusion rate of 
oxygen from copper to the copper Surface Set a lower limit 
to the actual process temperatures that can be applied 
Successfully. The temperature in the reaction Space is pref 
erably in the range of 200 to 450° C., more preferably 300 
to 430° C. and even more preferably 310 to 400° C. In the 
case of very thin metal oxide films, the reduction tempera 
ture can be even lower than 200 C. If the reduction and 
Subsequent Silicon carbide or Silicon oxycarbide etch Stop 
deposition are carried out in Situ, reduction is preferably 
carried out at the same temperature as deposition, preferably 
400 C. If reduction and deposition are not carried out in 
situ, the reduction temperature may be less than 400 C. 
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004.5 The pressure in the reaction space is preferably 
from 0.01 to 20 mbar, more preferably from 1 to 10 mbar. 
0046) The processing time will vary according to the 
thickness of the layer to be reduced. A layer of copper oxide 
having a thickness of up to 300 to 400 nm can be reduced 
in approximately 3 to 5 minutes. For layerS having a 
thickness of approximately 0.1 to 10 run, the processing 
time is in the order of Seconds. 

0047. Following reduction of the copper oxide a silicon 
carbide or Silicon oxycarbide layer is deposited on the 
substrate 130. Silicon carbide or silicon oxycarbide deposi 
tion may be carried out by any method known in the art, Such 
as by PECVD. As described in more detail below, the copper 
oxide reduction 120 and silicon carbide or silicon oxycar 
bide deposition 130 may be carried out in situ, in the same 
reaction chamber. 

Preferred Reducing Agents 

0.048. According to the preferred embodiment of the 
present invention, CuO is reduced to copper with one or 
more organic reducing agents. The organic reducing agents 
preferably have at least one functional group Selected from 
the group consisting of alcohol (-OH), aldehyde (-CHO), 
and carboxylic acid (-COOH). 
0049. The need for sufficient vapor pressure, Sufficient 
thermal Stability at the process temperature and the need for 
Sufficient reactivity are preferably considered in Selecting 
the reducing agent(s) to be used. Sufficient vapor pressure 
means that there should be enough Source chemical mol 
ecules in the gas phase near the Substrate to enable reduction 
reactions. Sufficient thermal Stability means, in practice, that 
the reducing agent itself should not form growth-disturbing 
condensable phases on the Substrate or leave harmful levels 
of impurities on the Substrate through thermal decomposi 
tion. Further selection criteria include the availability of the 
chemical at high purity and the ease of handling. 
0050. The reducing agents are also preferably selected 
Such that the reaction by-products are volatile and can be 
easily removed from the reaction Space. In the reduction of 
copper oxide, the reducing agent is oxidized. Thus, alcohols 
are oxidized into aldehydes and ketones, aldehydes are 
oxidized into carboxylic acids and carboxylic acids are 
oxidized into carbon dioxide. Depending on the Specific 
reactants, water may be formed as a gaseous by-product. 
0051. In one embodiment, reducing agents that comprise 
relatively bulky molecules are used, Such as alcohols, alde 
hydes and carboxylic acids. Bulky Source chemical mol 
ecules do not easily diffuse inside the metal oxide film. Thus, 
the reduction reaction takes place only at the Surface of the 
metal oxide layer. Without wishing to be held to a particular 
theory, it is believed that during the reduction process, 
oxygen ions diffuse toward the Surface where oxygen is 
depleted by the reducing chemicals. Gaseous by-products 
are not formed inside the film, but only at the surface. The 
Structural integrity of the metal film is thereby preserved and 
the formation of pinholes in the film is avoided. 
0.052 Reducing agents containing at least one alcohol 
group are preferably Selected from the group consisting of 
primary alcohols, Secondary alcohols, tertiary alcohols, 
polyhydroxy alcohols, cyclic alcohols, aromatic alcohols, 
halogenated alcohols, and other derivatives of alcohols. 
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0053 Preferred primary alcohols have an -OH group 
attached to a carbon atom which is bonded to another carbon 
atom, in particular primary alcohols according to the general 
formula (I): 

R-OH (I) 

0054 wherein R is a linear or branched C-Co alkyl or 
alkenyl groups, preferably methyl, ethyl, propyl, butyl, 
pentyl or hexyl. Examples of preferred primary alcohols 
include methanol, ethanol, propanol, butanol, 2-methyl pro 
panol and 2-methylbutanol. 
0055 Preferred secondary alcohols have an -OH group 
attached to a carbon atom that is bonded to two other carbon 
atoms. In particular, preferred Secondary alcohols have the 
general formula (II): 

(II) 
OH 

R1-CH-R 

0056 wherein each R" is selected independently from the 
group of linear or branched C-C alkyl and alkenyl groups, 
preferably methyl, ethyl, propyl, butyl, pentyl or hexyl. 
Examples of preferred Secondary alcohols include 2-pro 
panol and 2-butanol. 
0057 Preferred tertiary alcohols have an -OH group 
attached to a carbon atom that is bonded to three other 
carbon atoms. In particular, preferred tertiary alcohols have 
the general formula (III): 

(III) 
OH 

0058 wherein each R" is selected independently from the 
group of linear or branched C-C alkyl and alkenyl groups, 
preferably methyl, ethyl, propyl, butyl, pentyl or hexyl. An 
example of a preferred tertiary alcohol is tert-butanol. 
0059 Preferred polyhydroxy alcohols, such as diols and 
triols, have primary, Secondary and/or tertiary alcohol 
groups as described above. Examples of preferred polyhy 
droxy alcohol are ethylene glycol and glycerol. 
0060 Preferred cyclic alcohols have an -OH group 
attached to at least one carbon atom which is part of a ring 
of 1 to 10, more preferably 5-6 carbon atoms. 
0061 Preferred aromatic alcohols have at least one -OH 
group attached either to a benzene ring or to a carbon atom 
in a side chain. Examples of preferred aromatic alcohols 
include benzyl alcohol, o-, p- and m-creSol and resorcinol. 
0062 Preferred halogenated alcohols have the general 
formula (IV): 

CHX-R'-OH (IV) 
0063 wherein X is selected from the group consisting of 
F, Cl, Brand I, n is an integer from 0 to 2 and R is selected 
from the group of linear or branched C-C alkyl and 
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alkenyl groups, preferably methyl, ethyl, propyl, butyl, 
pentyl or hexyl. More preferably X is selected from the 
group consisting of F and Cl and R is selected from the 
group consisting of methyl and ethyl. An example of a 
preferred halogenated alcohol is 2,2,2-trifluoroethanol. 
0064. Other preferred derivatives of alcohols include 
amines, Such as methyl ethanolamine. 
0065 Preferred reducing agents containing at least one 
aldehyde group (-CHO) are selected from the group con 
sisting of compounds having the general formula (V), 
alkanedial compounds having the general formula (VI), 
halogenated aldehydes and other derivatives of aldehydes. 
0.066 Thus, in one embodiment preferred reducing 
agents are aldehydes having the general formula (V): 

R-CHO (V) 

0067 wherein R is selected from the group consisting of 
hydrogen and linear or branched C-C alkyl and alkenyl 
groups, preferably methyl, ethyl, propyl, butyl, pentyl or 
hexyl. More preferably, R is selected from the group 
consisting of methyl or ethyl. Examples of preferred com 
pounds according to formula (V) are formaldehyde, acetal 
dehyde and butyraldehyde. 
0068. In another embodiment preferred reducing agents 
are aldehydes having the general formula (VI): 

OHC-R-CHO (VI) 

0069 wherein R is a linear or branched C-C saturated 
or unsaturated hydrocarbon. Alternatively, the aldehyde 
groups may be directly bonded to each other (R" is null). 
0070 Preferred reducing agents containing at least one 
-COOH group are preferably selected from the group 
consisting of compounds of the general formula (VII), 
polycarboxylic acids, halogenated carboxylic acids and 
other derivatives of carboxylic acids. 
0071. Thus, in one embodiment preferred reducing 
agents are carboxylic acids having the general formula 
(VII): 

R-COOH (VII) 

0072 wherein R is hydrogen or linear or branched 
C-Co alkyl or alkenyl group, preferably methyl, ethyl, 
propyl, butyl, pentyl or hexyl, more preferably methyl or 
ethyl. Examples of preferred compounds according to for 
mula (VII) are formic acid and acetic acid, most preferably 
formic acid (HCOOH). 

Alternative Reduction Chemistries 

0.073 While copper oxide reduction prior to etch stop 
deposition is preferably achieved by contacting the Substrate 
with organic reducing agents, particularly large molecule 
Vapor phase reducing agents, other methods of reduction are 
contemplated. In one embodiment, copper oxide is reduced 
by treatment with H. plasma prior to deposition of a Silicon 
carbide or Silicon oxycarbide etch Stop layer. Reduction of 
copper oxide to copper with H. plasma is described, for 
example, in U.S. Pat. No. 6,033,584. Briefly, the substrate 
comprising the copper oxide is placed in a reaction chamber, 
such as a PECVD reaction chamber. A gas mixture com 
prising H is allowed to flow into the chamber and Radio 
Frequency (RF) power is applied to create a plasma dis 
charge in the H gas. The plasma discharge etches the copper 
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oxide, leaving elemental copper. Care must be taken not to 
damage the copper Surface or other exposed Substrate Sur 
faces. 

0074. In a further embodiment, copper oxide is reduced 
by exposure to H2 gas at elevated temperature. Briefly, the 
Substrate comprising the copper oxide is placed in a reaction 
chamber. He gas is allowed to flow into the reaction cham 
ber. The temperature of the reaction chamber is set to 
between about 400° C. and 600° C., more preferably to 
about 500 C. 

0075 According to still another embodiment, carbon 
monoxide (CO) is used for reducing copper oxide into 
elemental copper. 

In Situ Processing 

0076. In one embodiment, the copper oxide reduction is 
carried out in Situ in the same reaction Space as Subsequent 
processes, Such as the deposition of an overlying etch Stop 
layer and/or the deposition of an insulating dielectric layer. 
For example, in one embodiment the copper oxide reduction 
takes place prior to plasma enhanced chemical vapor depo 
sition (PECVD) of silicon carbide or silicon oxycarbide in a 
CVD reactor such as the Eagle 10TM reactor (ASM, Japan). 
0077. In another embodiment the copper oxide reduction 
takes place in a module clustered to another reactor, Such as 
on a Rapidfire TM cluster tool (ASM Japan). FIG. 11 is a 
schematic illustration of a cluster tool 250 that may be used 
in accordance with this embodiment. A copper oxide reduc 
tion module 260 may be clustered with a module 270 in 
which deposition of an overlying etch Stop layer will occur. 
Other process Steps may be carried out in additional modules 
280. In one embodiment the copper oxide reduction module 
260 is clustered with a dielectric deposition tool 290. Car 
riers with wafers are disposed on the front end loading 
station 350 and transferred to the process module via load 
lock chambers 300. 

0078. The copper oxide reduction module may be dedi 
cated to copper oxide reduction or may also be used for other 
processes. If the module is used for other processes, the 
other processes are preferably carried out at temperatures 
comparable to those used for copper oxide reduction. In one 
embodiment, reduction of copper oxide with one or more 
organic reactants is carried out in a reactor that is Subse 
quently used to deposit AURORATM low-k dielectric mate 
rials on the Substrate. 

EXAMPLE 1. 

Reduction of CuO with Methanol Vapor 

0079 A silicon substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to 360° C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0080 Methanol vapor is mixed with nitrogen gas, intro 
duced to the reaction chamber and contacted with the 
Substrate. 

0081 Excess methanol and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
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A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 2 

Reduction of CuO with Ethanol Vapor 
0082 Asilicon Substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to 360° C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0.083 Ethanol vapor is mixed with nitrogen gas, intro 
duced to the reaction chamber and contacted with the 
Substrate. 

0084 Excess ethanol and reaction by-products are purged 
from the reaction chamber by flowing nitrogen gas. A layer 
of Silicon carbide is deposited over the copper layer by 
PECVD in the same reaction chamber. 

EXAMPLE 3 

Reduction of CuO with 2-Propanol Vapor 
0085. A silicon Substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to 360° C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0.086 2-propanol (also known as isopropanol) vapor is 
mixed with nitrogen gas, introduced to the reaction chamber 
and contacted with the Substrate. 

0.087 Excess 2-propanol and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 4 

Reduction of CuO with tert-Butanol Vapor 
0088 Asilicon Substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to greater than 385 C. The pressure of 
the reaction chamber is adjusted to about 5-10 mbar with 
flowing nitrogen gas. 

0089 Tert-butanol vapor is mixed with nitrogen gas, 
introduced to the reaction chamber and contacted with the 
Substrate. 

0090 Excess tert-butanol and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 5 

Reduction of CuO with Butyraldehyde Vapor 
0.091 Asilicon Substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
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vacuum and heated to 360° C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0092. Butyraldehyde vapor is mixed with nitrogen gas, 
introduced to the reaction chamber and contacted with the 
Substrate. 

0093 Excess butyraldehyde and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 6 

Reduction of CuO with Formic Acid Vapor 

0094. A silicon substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to 310 C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0095 Formic acid vapor is mixed with nitrogen gas, 
introduced to the reaction chamber and contacted with the 
Substrate. 

0096 Excess formic acid and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 7 

Reduction of CuO with Acetic Acid Vapor 

0097 Asilicon substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to 360° C. The pressure of the reaction 
chamber is adjusted to about 5-10 mbar with flowing nitro 
gen gaS. 

0098 Acetic acid vapor is mixed with nitrogen gas, 
introduced to the reaction chamber and contacted with the 
Substrate. 

0099 Excess acetic acid and reaction by-products are 
purged from the reaction chamber by flowing nitrogen gas. 
A layer of Silicon carbide is deposited over the copper layer 
by PECVD in the same reaction chamber. 

EXAMPLE 8 

Reduction of CuO with Plasma 

0100 Asilicon substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum and heated to approximately 300° C. The pressure 
of the reaction chamber is adjusted to about 5-10 mbar with 
flowing gas comprising hydrogen. 

0101 A plasma discharge or glow is created in the gas by 
the application of RF power. Plasma treatment is continued 
for approximately 2 minutes. 
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0102 Reaction byproducts are purged from the reaction 
chamber with flowing nitrogen gas. A layer of Silicon 
carbide is deposited over the copper layer by PECVD in the 
Same reaction chamber. 

EXAMPLE 9 

Reduction of CuO with Hydrogen 
0103) A silicon Substrate having a copper oxide coating 
on copper metal is loaded into the reaction chamber of an 
Eagle 10TM reactor. The reaction chamber is evacuated to 
vacuum, heated to approximately 500 C. and the pressure 
of the reaction chamber is adjusted to about 5-10 mbar with 
flowing nitrogen gas. 
0104 Hydrogen gas is mixed with nitrogen gas (10% 
hydrogen by Volume), introduced to the reaction chamber 
and contacted with the Substrate. 

0105 Reaction byproducts are purged from the reaction 
chamber with flowing nitrogen gas. A layer of Silicon 
carbide is deposited over the copper layer by PECVD. 
0106 The preferred copper oxide reduction method dis 
closed herein utilizes inexpensive chemicals. In addition, the 
processing temperatures may be low and there is no need for 
additional energy, e.g. in the form of plasma. Further, by 
reducing the copper oxide on a Substrate prior to deposition 
of a Silicon carbide or Silicon oxycarbide etch Stop layer, 
nucleation of Silicon carbide or Silicon oxycarbide is 
enhanced and the formation of pinholes is reduced. 
0107 Although the foregoing invention has been 
described in terms of certain preferred embodiments, other 
embodiments will be apparent to those of ordinary skill in 
the art. Additionally, other combinations, omissions, Substi 
tutions and modification will be apparent to the skilled 
artisan, in View of the disclosure herein. Accordingly, the 
present invention is not intended to be limited by the 
recitation of the preferred embodiments, but is instead to be 
defined by reference to the appended claims. 

We claim: 
1. A proceSS for producing an integrated circuit compris 

ing reducing copper oxide on a Substrate by exposure to one 
or more organic reducing agents prior to deposition of a 
layer comprising Silicon carbide. 

2. The process of claim 1, wherein the layer further 
comprises oxygen. 

3. The process of claim 1, wherein the layer Serves as a 
hard mask. 

4. The process of claim 1, wherein the organic reducing 
agent comprises at least one functional group Selected from 
the group consisting of alcohol (-OH), aldehyde (-CHO), 
and carboxylic acid (-COOH). 

5. The process of claim 4, wherein the organic reducing 
agent is Selected from the group consisting of primary 
alcohols, Secondary alcohols, tertiary alcohols, poly 
hyrdroxyalcohols, cyclic alcohols, and halogenated alco 
hols. 

6. The process of claim 4, wherein Said organic reducing 
agent is Selected from the group consisting of 
compounds having the general formula R-CHO, 

wherein R is hydrogen or a linear or branched C-Co 
alkyl or alkenyl group; 
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compounds having the general formula OHC-R- 
CHO, wherein R is a linear or branched C-Co 
Saturated or unsaturated hydrocarbon; 

a compound of the formula OHC-CHO; 
halogenated aldehydes, and 
other derivatives of aldehydes. 
7. The process of claim 4, wherein the organic reducing 

agent is Selected from the group consisting of 
compounds of the general formula RCOOH, wherein R 

is hydrogen or a linear or branched C-Co alkyl or 
alkenyl group; 

polycarboxylic acids, 
halogenated carboxylic acids, and 

other derivatives of carboxylic acids. 
8. The process of claim 1, wherein Said copper oxide is 

present after a chemical mechanical polishing (CMP) Step. 
9. The process of claim 1, wherein Said copper oxide is 

formed by exposure to a clean room atmosphere. 
10. The process of claim 1, wherein Said exposure takes 

place in a first reaction chamber. 
11. The process of claim 10, wherein said layer serves as 

an etch Stop. 
12. The process of claim 11, wherein deposition of the 

etch Stop layer also takes place in the first reaction chamber. 
13. The process of claim 11, wherein deposition of the 

etch Stop layer takes place in a Second reaction chamber 
clustered with the first reaction chamber. 

14. The process of claim 11, wherein the temperature in 
the reaction chamber is less than about 450° C. 

15. The process of claim 11, wherein the temperature in 
the reaction chamber is between about 200 and 430 C. 

16. The process of claim 11, wherein the temperature in 
the reaction chamber is about 400 C. 

17. The process of claim 11, wherein reduction of copper 
oxide and deposition of the etch Stop are carried out in the 
Same reaction chamber at about the same temperature. 

18. A process for producing an integrated circuit com 
prising reducing copper oxide on a Substrate by exposure to 
hydrogen plasma prior to deposition of an etch Stop layer. 

19. The process of claim 18, wherein the etch stop layer 
comprises Silicon carbide. 

20. The process of claim 19, wherein the etch stop layer 
further comprises oxygen. 

21. The process of claim 18, wherein the reduction of 
copper oxide and deposition of the etch Stop layer are carried 
out in the same reaction chamber. 

22. The process of claim 21, wherein desposition of the 
etch Stop layer is carried out at about the same temperature 
as the reduction of copper oxide. 

23. A process for producing an integrated circuit com 
prising reducing copper oxide on a Substrate by exposure to 
He gas at elevated temperature prior to deposition of an etch 
Stop layer. 

24. The process of claim 20, wherein the etch stop layer 
comprises Silicon carbide. 

25. The process of claim 24, wherein the etch stop layer 
further comprises oxygen. 

26. The process of claim 23, wherein reduction of copper 
oxide and deposition of the etch Stop layer are carried out in 
the same reaction chamber. 
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27. The process of claim 26 wherein deposition of the etch 
Stop layer is carried out at about the same temperature as the 
reduction of copper oxide. 

28. A process for producing an integrated circuit com 
prising the following Steps, in order: 

depositing a copper layer on a Substrate; 
Subjecting the copper layer to a CMP process, 
contacting the Substrate with one or more organic reduc 

ing agents, and 
depositing an etch Stop layer on the Substrate. 
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29. The process of claim 28, wherein the organic reducing 
agent comprises at least one functional group Selected from 
the group consisting of alcohol (-OH), aldehyde (-CHO), 
and carboxylic acid (-COOH) 

30. The process of claim 28, wherein the etch stop layer 
comprises Silicon carbide. 

31. The process of claim 30, wherein the etch stop layer 
further comprises oxygen. 

32. The process of claim 28, wherein the etch stop layer 
comprises Silicon nitride. 

k k k k k 


